The paper deals with the effect of microstructure diversified by means of variable cooling rate on service properties of AlSi7Mg cast alloy refined traditionally with Dursalit EG 281, grain refining with titanium-boron and modified with sodium and a variant of the same alloy barbotage-refined with argon and simultaneously grain refining with titanium-boron and modified with strontium. For both alloy variants, the castings were subject to T6 thermal treatment (solution heat treatment and artificial aging). It turned out that AlSi7Mg alloy after simultaneous barbotage refining with argon and grain refining with titanium-boron and modified with strontium was characterised with lower values of representative microstructure parameters (SDAS -secondary dendrite arm spacing, λ E , l max ) and lower value of the porosity ratio compared to the alloy refined traditionally with Dursalit EG 281 and grain refining with titanium-boron and modified with sodium. The higher values of mechanical properties and fatigue strength parameters were obtained for the alloy simultaneously barbotagerefined with argon and grain refining with titanium-boron and modified with strontium.
Introduction
Service properties of Al-Si alloys depend on size, shape, and distribution of precipitates of silicon and intermetallic phases in the matrix. It is a well-known fact that alloy refining decreases the gas porosity, while an addition of titanium and boron to the alloy reduces size of α(Al) phase dendrites [1] [2] [3] which also contributes to a decrease of gas porosity and shrinkage porosity. An addition of sodium or strontium has a favourable effect on morphology of silicon precipitates. The refining and comprehensive modification results in improvement of mechanical properties [4] [5] [6] and an increase of fatigue strength of aluminium-silicon alloys [7] [8] [9] [10] [11] (Fig. 1) .
Available technical literature does not include sufficiently thorough studies on the effect of diversified technological processes used to manufacture aluminium-silicon alloys on their service properties. Carrying out such studies seems to be important as the acquired new knowledge would wide the range of possibilities offered to designers and users of heavily loaded and responsible castings. Such knowledge constitutes a base on which decisions can be taken to use these alloys for castings operated in critical conditions.
In view of the above, this paper concerns determination of the effect of refining, modification, and cooling conditions on microstructure and service properties of industrial AlSi7Mg alloy.
Research material and methodology
The material put through examination was a hypoeutectic aluminium-silicon alloy (AlSi7Mg) made in production conditions.
To obtain high compactness of the material and diversified structure of the alloy to be examined, castings with an additional feed bob on the thicker side and a steel chill at the base were designed, similar to those described in [5, 11] (Fig.1) . Fig. 1 . The idea behind production of the test castings It has been decided that the study would concern an alloy refined with hexachloroethane after modification with Ti-B and sodium (Variant I of the alloy treatment) and an alloy subjected to simultaneous barbotage refining with argon and modification with Ti-B salts and strontium (Variant II of the alloy treatment). For each of the variants, four similar moulds of self-curing sand were prepared. To evaluate cooling rate in individual regions of wedge castings, thermocouples were mounted in two of the moulds, one for each of the alloy variants, in such a way that their junctions were situated in the middle of individual cross-sections and at distances 10 mm and 110 mm from the chill surface. Thermocouples were mounded in steel shields with outer diameter 1.75 mm and thickness 0.35 mm. Temperature changes in the period after pouring the moulds with liquid metal were recorded with the use of multi-channel input module ADAM 4018. The cooling rate was measured from temperature vs. time data obtained during solidification in liquidus-solidus range of temperature.
The alloy to be examined in the total quantity of 600 kg was prepared in a gas-fired Selas furnace type (Table 1 ) of which 300 kg base alloy was transferred to a preheated casting ladle with capacity of 400 kg. The liquid metal was subject to refining with tablets containing hexachloroethane marketed under trade name Dursalit EG 281 and grain refining with titanium-boron using AlTi5B1 master alloy and modified with vacuum-packed sodium traded under name Navac (Variant I of the alloy treatment). Liquid metal at temperature 710°C was poured to wedge-shaped moulds and samples for chemistry analysis were taken. Chemical analysis shows that to the base alloy were added 0.014% Na, 0.15%Ti and 0.01%B.
The other 300 kg of liquid metal remaining in Selas furnace was transferred to a preheated casting ladle. The refining and grain refining and modification process was carried out in automated metal treatment station MTS 1500 (Foseco). The liquid metal was subjected to barbotage refining with argon. The refining time was 5 minutes. Next, without interrupting the process, titanium-boron salts were added in the form of flux with trade name Coveral MTS 1582 as well as AlSr10 master alloy(Variant II of the alloy treatment). The liquid metal prepared this way was poured at temperature 705° into wedge moulds and samples were taken for analysis of chemistry. Chemical analysis shows that to the base alloy were added 0.01%Sr, 0.15%Ti and 0.01%B. The cast wedges were thermally treated with the use of parameters developed in [12] . The heat treatment included: solution treatment (540°C / 6 h / water 20°C) followed by ageing (175°C / 8 h / air).
Specimens for metallographic examination were cut out from those regions of wedge castings in which temperature changes vs. time were evaluated. Microstructure was examined with the use Neophot 2 optical microscope and Jeol JSM-5502V scanning electron microscope quipped with LINK ISIS 300 X-ray spectrometer (Oxford Instruments). The specimens were used for evaluation of porosity ratio according to methodology described in [6] .
Evaluation of λ 2D (SDAS) parameter required identification of dendritic cells with secondary arms. The evaluation was carried out in line with methodology described in papers [13] [14] [15] . 100 cells were taken into account each case the determination of the parameter was carried out. When evaluating the parameter λ E , 350 crossings of the measuring line with individual particles were analysed. For calculations aimed at determining maximum length of silicon precipitates l maxSi , significance of which in Al-Si alloys cracking tests is emphasised in [16, 17] , distances between 100 pairs of particles were taken into account.
Example microstructures of the casting are presented in The material for evaluation of compactness, microstructure and mechanical properties as well as specimens for fatigue resistance tests were cut out from these regions of castings where the cooling rate was 94.5°C/min and 12.5°C/min which corresponded to the distance from the chill equalling 10 mm and 110 mm, respectively. The shape and dimensions of specimens for static tensile test are presented in Fig 3, whereas the shape and dimensions of samples for fatigue resistance test are shown in Fig. 4 . Measurements of the tensile strength, the yield strength, and the elongation of specimens were carried out on the ZWICK 1474 universal test machine with computer-aided recording of results. The tensile strength was tested in conditions of periodically variable stresses induced by swinging flat bending on the device GZ-1 [18, 19] according to the standard PN-76/H/04326-5. The adopted frequency of forced vibration was f = 73 Hz.
Research results
Results of measurements aimed at determination of values of microstructure parameters SDAS, λ E , and l maxSi for two variants of AlSi7Mg alloy are presented in Table 2 . The obtained results indicate that with increasing cooling rate, compactness of the material increases for both alloy variants. As a result, value of parameter SDAS decreases about three times which hinders nucleation and development of gas cavities. The cooling rate change from 12.5°C/min to 94.5°C/min resulted in over 1.5-fold decrease of parameter λ E and about fourfold decrease of value of l max for both variants of the alloy. It should be however noted that the lower value of the porosity ratio characterised the alloy barbotage-refined with argon and grain refined with Ti-B and modified with Sr. This variant of the alloy demonstrated also the lowest values of microstructure parameters SDAS, λ E , and l max .
Results of static tensile and fatigue strength tests are presented in Table 3 . The obtained results indicate that the effect of increased cooling rate consisted in an increase of the tensile strength, the yield strength, and the elongation. The improvement is an effect of decreased tendency of the alloy to develop large gas cavities as a result of a decrease of the value of parameter SDAS and the effect of refinement of microstructure evidenced by a decrease of values of parameters λ E and l max . The change of cooling rate from 12.5°C/min to 94.5°C/min resulted in increase of the tensile strength R m by about 15%, the yield strength R 0.2 by about 10%, and over 3.5-fold increase of value of the elongation A 5 . It should be noted that the highest values of mechanical strength parameters for the analysed cooling rates were observed in the alloy barbotage-refined with argon and grain refined with Ti-B and modified with Sr.
Results of individual fatigue endurance tests constituted the base for development of fatigue curves. Fig. 4 shows S-N fatigue curves (Wöhler diagrams) for the alloy prepared according to Variant I, while Fig. 5 shows the fatigue curves for the alloy described as Variant II. The obtained results indicate that about 8-fold increase of cooling rate resulted in an increase of fatigue strength Z gw by more than 25% for both variants of the alloy. Also in this case, the higher fatigue strength value characterised the alloy barbotagerefined with argon and modified with Ti-B salts and Sr.
Conclusions
Based on the conducted examinations the following conclusions have been formulated:
• The alloy cooling rate change from 12.5°C/min to 94.5°C/min has a prominent effect on decrease of the value of spacing between secondary dendrite arms (parameter SDAS) in phase α(Al), values of the distance between silicone precipitates in the eutectic (parameter λ E ), and the maximum size of silicon precipitates (parameter l max ) for both alloy variants.
• AlSi7Mg alloy after barbotage refining with argon and simultaneous grain refining with Ti-B and modification with Sr was characterised with lower value of the porosity ratio compared to the alloy refined traditionally with Dursalit EG 281 and grain refined with Ti-B and modified with Na.
• The lowest values of microstructure parameters (SDAS, λ E , l max ) and the porosity ratio were obtained for the alloy barbotage refined with argon and simultaneously grain refined with Ti-B and modified with Sr, cooled at rate 94.5°C/min.
• The increase of AlSi7Mg alloy cooling rate and its comprehensive grain refining with Ti-B and modification with Na or Sr resulted in a distinct improvement of its mechanical properties and the fatigue strength.
• The highest values of parameters determining mechanical properties and fatigue strength were obtained for the alloy simultaneously barbotage-refined with argon and grain refined with Ti-B and modified with Sr, cooled at rate 94.5°C/min.
